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PRODUCT PRODUCED BY COATING A 
SUBSTRATE WITH AN ELECTRICALLY 

CONDUCTIVE LAYER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 06/821,365, ?led Jan. 22, 1986, now US. Pat. No. 
4,859,499. 

TECHNICAL FIELD 

This invention concerns the preparation of a metal based 
poWder and a method for pyrolytically depositing it upon a 
substrate to form a transparent coating With loW emissivity 
and good electrical conduction. 

BACKGROUND ART 

To enable a pulverulent metal compound to form a high 
quality coating on a substrate, the poWder must be uniformly 
distributed, it must effectively decompose at a temperature 
beloW about 650°—700° C. if the substrate to be coated is 
glass and further, the compound must contain a suf?cient 
proportion of metal so as to quickly form an oxide layer of 
appreciable thickness, particularly if the substrate is moving 
rapidly in relation to the poWder distribution means, as is the 
case for a glass ribbon at the outlet of a ?oat bath. 

Coatings of tin oxide on glass substrates, produced by the 
pyrolysis of dibutyltin oxide (DBTO) or dibutyltin ?uoride 
(DBTF) poWders are frequently employed With a vieW to 
reinforcing the surface of the glass, staining it and for 
providing such surfaces With speci?c optical and/or electri 
cal characteristics, most notably, loW emissivity. The use of 
poWdered DBTO to produce such coatings is disclosed in 
French Patent Application Nos. 2,380,997 and 2,391,966 
Whereas the use of DBTF is disclosed in European Patent 
No. 39,256 and French Patent Application No. 2,542,636. 

While both dibutyltin oxide and dibutyltin ?uoride poW 
ders are capable of forming satisfactory layers, such layers 
develop colored re?ections When they are deposited in the 
thickness necessary to obtain advantageous electronic prop 
erties. Further dif?culties arise because slight variations in 
the thickness of the layers causes color irregularities and 
further, the color Which is produced is often either not 
aesthetically pleasing or it may not be adapted to the style of 
the surrounding structure. 

In order to obtain perfect color uniformity the reaction 
conditions under Which the DBTO and DBTF poWders are 
deposited must be scrupulously monitored. In particular, the 
poWder must be of a consistent high quality and the spraying 
mechanism utiliZed to distribute the coating must be pre 
cisely adjusted so as to deposit a constant amount of poWder 
upon the substrate. 

In order to prevent the development of colored ?lms on 
glass substrates and to avoid the necessity of implementing 
stringent monitoring techniques Which are both expensive 
and time-consuming, applicants have developed a method 
Wherein a poWder containing indium formate may be dis 
tributed upon a hot substrate such as a glass ribbon passing 
the output of a ?oat bath and Which, upon the resultant 
pyrolysis of the poWder, forms a thin, transparent, electro 
conductive coating upon the substrate. 

Moreover, the pyrolysis of the indium formate compound 
ay be performed With a suf?ciently high degree of ef?ciency 
so as to be compatible With the rapid passing of the substrate 
past the point at Which the coating is produced. This is in 
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2 
contrast to prior attempts at depositing pyrolyZed indium 
compounds upon glass substrates Wherein solubiliZed 
indium acetylacetonates Were found to pyrolyZe at speeds 
insufficient for depositing a metallic oxide coating on a glass 
ribbon passing the output of a ?oat bath at high speed. 

SUMMARY OF THE INVENTION 

This invention concerns the preparation of a metal based 
poWder and a method for pyrolytically depositing this poW 
der upon a substrate in order to form a transparent coating 
With loW emissivity and good electrical conduction. 
A method for coating a substrate, such as glass, metal, 

ceramic or other refractory materials With a pyrolyZed metal 
oxide coating comprises depositing a predetermined amount 
of indium formate upon the surface of a heated substrate so 
as to pyrolyZe the indium formate, thus forming a coating of 
indium oxide on the surface of the substrate. 

The indium formate may be deposited upon the surface of 
the substrate as a poWder or it may ?rst be disolved in a 
suitable solvent such as methyl alcohol prior to the deposi 
tion step. 

Applicants have also developed a novel method of pro 
ducing the necessary indium formate Which comprises react 
ing an indium compound With an inorganic acid, such as 
hydrochloric or nitric acid to form an indium salt, reacting 
the indium salt With ammonia so as to form an indium 
hydroxide precipitate, Washing and drying the resultant 
precipitate and reacting the indium hydroxide precipitate 
With formic acid so as to produce indium formate. 

When the substrate is glass, such as a glass ribbon at the 
outlet of a ?oat bath, the substrate should only be heated to 
a temperature beloW about 650°—700° C. prior to the depo 
sition of the coating. 

In an alternate embodiment of the method the indium 
formate may be mixed With at least one compound having a 
decomposition temperature on the same order as that of 
indium formate prior to depositing the composition onto the 
surface of the heated substrate. This compound may be a 
poWdered tin compound such as dibutyltin oxide or dibu 
tyltin ?uoride, a gaseous tin compound such as SnCl4 or a 
gaseous organotin compound such as BuSnCl3. When poW 
dered tin compounds are mixed With the indium formate, 
they are added in proportions ranging betWeen about one 
and thirty percent by Weight. 
A further embodiment of the invention concerns a method 

for forming a transparent electroconductive coating on a 
substrate. The method comprises preparing a metal compo 
sition containing indium formate or a mixture of indium 
formate With one or more of the poWdered or gaseous tin 
compounds or the gaseous organotin compound discussed 
above, depositing this composition onto the surface of a 
heated substrate, such as glass, metal, ceramic or other 
refractory material, in order to pyrolyZe the composition and 
then heating the coated substrate to enhance the properties of 
the layer. 
The coating may be deposited upon the substrate as a 

poWder or it may ?rst be dissolved in a suitable solvent such 
as methyl alcohol before being deposited. When the com 
position is to be deposited upon the substrate as a poWder, 
it must ?rst be suspended in a carrier gas and the carrier gas 
With the suspended poWder particles is then directed against 
a surface of the substrate so as to deposit the poWder upon 
the substrate. 

There are various methods by Which the coated substrate 
may be heated so as to enhance properties such as the 
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transparency, emissivity and electrical conductivity of the 
coating. One method concerns maintaining the coated sub 
strate in a heated enclosure for a predetermined period of 
time. The atmosphere in the enclosure may be a reducing 
atmosphere so as to promote the formation of a metal 
coating or to enhance the loW emissivity and loW conduc 
tivity properties of the coating or it may consist of an 
oxidiZing atmosphere to increase the emissivity and con 
ductivity of the coating. 

Alternatively, the coated substrate may be heat treated by 
subjecting the coated surface of the substrate to an intense 
heat delivered by a burner tip of the type illustrated in the 
attached draWing ?gure, for less than one second. The heat 
treatment may occur on the line for manufacturing coated 
glass or out of this line at any time after the manufacture of 
said coated glass. 

Alternately, preselected areas of the coating may be 
subjected to different degrees of heating so as to obtain a 
coating layer having portions With differing emissivity, 
transparency and electrical conductivity. 

BRIEF DESCRIPTION OF THE DRAWING 

Further bene?ts and advantages of the invention Will 
become apparent from a consideration of the folloWing 
description given With reference to the accompanying draW 
ing ?gure Which is a perspective vieW of a burner used to 
provide an intense heat of short duration according to one of 
the embodiments of the invention described herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a method for preparing an 
indium formate poWder as Well as a method for depositing 
an electrically conductive coating containing indium for 
mate upon a substrate such as a glass ribbon passing at high 
speed at the outlet of a ?oat bath. Other possible substrates 
may include metals, ceramics or other refractory materials. 
By an electrically conductive coating, applicants mean a 
metal based coating comprising any compound Whose ther 
mal decomposition temperature is of the same order as 
indium formate. 

While indium formate may be the sole metallic compo 
nent of the poWder used in the method of the invention, it 
may also be associated With one or more metallic constitu 
ents having a decomposition temperature on the same order 
as that of indium formate. 

The process proposed herein for producing indium for 
mate comprises reacting the indium With an acid such as 
hydrochloric acid (HCl), precipitating indium hydroxide by 
reacting the salt thus formed With ammonia at a temperature 
close to boiling, Washing and then drying the precipitate and 
then reacting it With formic acid. 

The reaction process may be summariZed according to the 
folloWing equations, utiliZing, for example, hydrochloric 
acid to react With the indium: 

In(OH)3 + 3 HCOOH In(HCOO)3 + 3H2O 
(in excess) 

One skilled in the art Will realiZe that various other acids, 
such as nitric acid (HNO3) may be used in place of hydro 
chloric acid. 

In order to obtain sufficiently conductive layers, it is 
advantageous to combine tin compounds With the indium 
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4 
formate poWder, in particular dilutyltin ?uoride (DBTF) and 
dibutyltin oxide (DBTO), in proportions that may range up 
to about 30 Weight percent. These compounds actually serve 
as cationic dopants of the indium oxide because replacement 
of an indium atom With a tin atom introduces a free electron 
into the layer. The density of the charge carriers and the 
electrical conductivity of the layer are also concurrently 
increased due to this doping effect. 
The indium formate poWder or poWder mixture may be 

sprayed onto a substrate, particularly a glass ribbon, With a 
noZZle. Examples of such noZZles are described in French 
Patent Application Nos. 2,542,636 and 2,542,637 preceded 
by the distribution device described in French Patent Appli 
cation No. 2,548,556. 
The doping may also be performed With gaseous 

compounds, such as SnCl4 or gaseous organotins such as 
BuSnCl3. When utiliZing compounds of this type the poWder 
must initially be suspended in a gas While the doping agent 
is subsequently mixed With the resultant suspension and/or 
With the gasses Which serve as accelerants and/or homoge 
nates of the poWder. The doping agent chosen may also be 
aspirated by a noZZle arrangement found in a control cham 
ber such as that disclosed in French Patent Application No. 
2,542,636, and/or delivered at the exit of the noZZle by a 
special duct. 

Subsequent to this pyrolytic deposition of the metallic 
oxide layer upon the substrate, the coated substrate advan 
tageously undergoes a heat treatment in order to modify the 
properties of the coating. Depending upon the parameters 
chosen for this operation this treatment may either increase 
the number of oxygen holes in the coating layer, Which Will 
improve properties Which are dependent upon loW emissiv 
ity; or it may serve to reduce the number of oxygen holes in 
the layer, thus increasing the emissivity of the coating for 
certain alternate applications. 
The procedure used for heat treating the coated substrate 

may vary. In one embodiment the treatment consists of 
placing the coated substrate into a heated enclosure under 
controlled atmospheric conditions for a predetermined 
period, depending upon the temperature chosen for the 
enclosure and the nature of the atmosphere utiliZed. In order 
to improve those properties dependent upon loW emissivity 
values, this heat treatment takes place in a reducing 
atmosphere, Which may be identical With that of the ?oat 
bath, ie 90% nitrogen and 10% hydrogen or, optionally, a 
neutral atmosphere. 
By heat treating the coated substrate in a reducing or 

neutral atmosphere, an anionic doping effect is produced 
Which is favorable to increasing the electrical conduction 
and infrared re?ection of the layer. Depending upon the time 
interval and temperature selected, the density of the charge 
carriers can be varied considerably from, for example, 
1><102O to 15><102O carriers per cm3. The mobility of the 
charge carriers may also be varied, for example, from 10 to 
50 cmV_1s_1. 
The heat treatment described above may be performed 

immediately after the formation of the oxide layer, directly 
on the glass production line as, for example, in an annealing 
lehr, to advantageously incorporate the heat of the glass into 
the process. Alternatively, this step may also be performed 
later in a separate installation on the glass production line, 
such as an attached tunnel lehr or a tempering or bending 
line. 

In performance of this heat treatment, the coated substrate 
must be heated to a temperature of at least 300° C., keeping 
in mind that the temperature chosen must be compatible 
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With the substrate. The duration of this heating step is 
adjusted depending upon the temperature chosen, as Well as 
the composition of the reducing atmosphere and it may 
range from a feW seconds to several hours. The item is then 
cooled to a temperature no higher than 300° C. until contact 
With an oxidiZing atmosphere no longer alters the perfor 
mance of the layer. In cases Where the treatment is per 
formed simultaneously With the tempering of the glass, the 
noZZles Which supply the tempering gasses may also be 
connected to sources supplying the reducing or neutral gas 
necessary for the treatment. 

The ef?ciency of the heat treatment increases With: 
the reducing nature of the atmosphere in the heating 

enclosure. For example, With the percentage of hydrogen in 
a mixture of N2+x% H2 Wherein X is a positive real number 
or 0, most advantageously When X ranges betWeen 0 and 10 
for a treatment improving the loW emissivity properties; 

the temperature, advantageously ranging betWeen 300° 
and 650° C.; and 

the time chosen for the treatment, Which can range 
betWeen a feW seconds and several hours, depending upon 
the temperature chosen and the composition of the atmo 
sphere used Within the enclosure. 

Alternatively, the heat treatment in an enclosure may be 
performed in an oxidiZing atmosphere in order to increase 
the emissivity of the coating. 

In another embodiment of this heat treatment process, the 
oxide may either be reduced until a metal by passing the 
coated substrate through a reducing burning stream or, 
alternatively, the substoechiometric metal oxide layer may 
be oxidiZed by passing the coated substrate through an 
oxidiZing burning stream. Advantageously, the coated sub 
strate is subjected to this intense heating for a period of less 
than one second. Depending upon Whether one chooses a 
reducing or oxidiZing gas mixture for the burner jet, one may 
increase, or, on the contrary, reduce those properties of the 
layer thus treated Which depend upon loW emissivity. 
By utiliZing the process described above, the average 

temperature reached by the substrate may be as loW as 70° 
C. if the burner is arranged so that the ?ame impinges upon 
the substrate only on the coated side. This assures that a 
previously tempered glass substrate retains its tempering 
level and that heat-sensitive substrates manufactured of a 
material other than glass or comprising, in addition to the 
glass, other materials such as polyvinyl butyrals (PVB’s) are 
not adversely affected. 

The burner utiliZed for treating the coating layer, Which is 
described in detail beloW, is fed a mixture of comburent gas 
(e.g. oxygen or a mixture of a neutral gas and oxygen) and 
a combustible gas containing hydrogen and/or carbon (e.g. 
hydrogen, carbon monoxide or a gaseous alkane, alkene or 
alkyne). The proportions of the comburent and combustible 
gasses are not stoichiometric. On the contrary, the mixture 
contains an excess of a reducing gas or an oxidiZing gas, 
depending upon Whether a reducing treatment or an oxidiZ 
ing treatment is desired. The burner described beloW may be, 
for reasons of safety and ease of use, a linear burner With 
outside gas mixing. 

The burner 10 is of the type shoWn in the accompanying 
draWing ?gure. It is constructed of tWo chambers 12, 14 for 
the introduction of the combustible and comburent gases, 
Which are fed into burner 10 by pipes 16 and 18. Each of 
chambers 12, 14 is provided With access vents 20, 22 to the 
surface of burner 10. Vents 20 Which permit the How of gas 
from upper chamber 14 communicate With chamber 2 by 
means of pipes 24 Which pass through loWer chamber 12 in 
an airtight con?guration. 
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6 
In order to promote an effective mixing of the combustible 

and comburent gasses, vents 20 and 22 are oriented in a 
Zig-Zag con?guration on the surface of burner 10. If burners 
of a greater length are necessary for a particular application, 
a de?ector (not illustrated) may be provided or chambers 12 
and 14 may be constructed With a beveled shape in order to 
assure an equality of distribution of the gasses from one end 
of burner 10 to the other. Burners of this type are manufac 
tured by the French company AIR LIQUIDE under the trade 
name “EMT burners”. 

As noted above, after spraying the indium formate poW 
der on the surface of the substrate, alone or in combination 
With tin compounds such as dibutyltin oxide and dibutyltin 
?uoride, the resulting coating is also oxidiZed to have good 
loW emissivity and loW resistivity characteristics, and a heat 
treatment of the coated substrate is necessary to improve 
these characteristics. The proportions of oxidiZing or reduc 
ing gasses chosen for the treatment is a function of the 
emissivity and resistivity desired, as Well as the nature of the 
gasses and the operating conditions chosen. 
One may experimentally determine, for the operating 

conditions existing at a given installation (eg the speed 
With Which the substrate passes the burners and distance of 
the substrate from the burners) the necessary proportions of 
the gaseous reactants needed to reduce the layer totally to the 
metallic state. The attainment of this metallic state is rec 
ogniZable due to the fact that once it is reached, the layer 
changes in appearance, acquiring a certain mirror-like 
re?ectivity in the visible spectrum and in some cases, 
particularly for transformed indium oxide, the coating may 
begin to lose its adherence to the substrate. 

This experimental process comprises adjusting the 
respective proportions of the oxidizing and reducing gasses 
so as to provide a mixture that contains slightly more 
reducing gas (i.e. approximately 10%) than the amount 
necessary for a stoichiometric mixture. Thereafter, various 
coated samples are subjected to the ?ame treatment While 
gradually adjusting the components of the mixture toWard 
stoichiometric proportions, until the coating layer is reduced 
to the metallic state. The proportions of the gasses necessary 
to achieve this transition are noted and one need simply 
reduce the delivery of the reducing gas from this level to 
attain the desired level of emissivity and re?ectivity for the 
coating. 

EXAMPLES 

The folloWing examples are set forth for the purpose of 
illustration only and are not to be construed as limiting the 
scope of the invention in any manner. 

Examples I—III illustrate the relative proportions of oxy 
gen and hydrogen necessary to effect the heat treatment of 
a coated substrate While passing the substrate at various 
speeds through the heating chamber. 

Example I 

A substrate, coated With a poWder comprising an indium 
oxide base, Was passed 1 cm. under the linear burner 
depicted in the draWing ?gure at a speed of 3 cm./second. 

In order to obtain optimal emissivity and resistivity 
properties, the folloWing gas delivery rates Were required: 

oxygen 1.9 liters/minute/1 cm. of burner length 
hydrogen 4.0 liters/minute/1 cm. of burner length 

Example II 
Under the same conditions described in Example I, an 

increase in the speed at Which the substrate passes under the 
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burner, to 5 cm./second, requires the following gas delivery 
rates in order to obtain optimal emissivity and re?ectivity: 

oxygen 2.3 liters/minute/1 cm. of burner length 
hydrogen 4.7 liters/minute/1 cm. of burner length 

Example III 
When the speed of the substrate is increased further to 20 

cm/second While the other parameters described in 
Examples I and II are unchanged, the folloWing gas delivery 
rates Were required: 

oxygen 6.0 liters/minute/1 cm. of burner length 
hydrogen 13.0 liters/minute/1 cm. of burner length 
Examples IV—IX depict the properties obtained With a 

composite coating comprising a layer of indium formate 
poWder mixed With 4% by Weight of dilutyltin oxide. The 
heat treatment of the coated substrate in Examples IV—VI 
and IX Was carried out using the ?rst method described 
above, ie maintaining the coated substrate in a heated 
enclosure under a controlled atmosphere. Examples VII and 
VIII utiliZed the second method of heating to treat the 
coating described in Examples V and VI, i.e. utiliZing a 
linear burner such as the one depicted in the draWing ?gure. 

Example IV 
ApoWder comprising an indium formate base Was mixed 

With 4% by Weight of dibutyltin oxide and distributed upon 
a glass ribbon traveling at 18 meters/minute, Whose surface 
temperature Was maintained at 600° C. 

After the resultant pyrolysis of the poWder, the coated 
substrate Was subjected to a heat treatment consisting of an 
annealing in an enclosure at 600° C. for tWo minutes under 
a nonoxidiZing nitrogen atmosphere, and then gradual cool 
ing to 3000 C. for tWo minutes While being maintained in the 
nitrogen atmosphere. 
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layer deposited upon the substrate Was increased to 3000 
angstroms. This produced a layer Which Was mauve red in 
re?ection and slightly green in transmission, With the fol 
loWing properties: 

Before heat After heat 
treatment treatment 

Thickness (angstroms) 3000 3000 
Aver. Coef. of IR re?ection 0.76 0.89 
Emissivity 0.24 0.11 
Transmission energy factor (%) 78.8 66.0 
Light transmission factor (%) 85.8 82 
Square resistance (ohms) 25 7.5 

Example VII 

This experiment utiliZed the same coating described in 
Example V prior to the heat treatment step. The coated 
substrate Was then subjected to the ?ame from a burner of 
the type described previously. The burner Was fed With a 
mixture of hydrogen and oxygen as described above. 

Upon matching the required gas delivery rate With the 
speed of the coated substrate passing beneath the burner 
?ame (see Examples I—III), a coating With the same prop 
erties as that in Example V Was thereafter obtained. 

Example VIII 

The coating described in Example VI Was deposited upon 
a glass ribbon, Which Was then subjected to a heat treatment 
process as described in Example VII. 

A coating With the same properties as described in 
Example VI Was thereafter obtained. 

. . 35 

The folloWing properties Were observed: Example IX 

This experiment Was performed under the same condi 
B efo re heat After heat tions as Examples IV and V, except that the thickness of the 
treatment treatment layer deposited upon the substrate Was increased to 3800 

40 angstroms. The folloWing properties Were observed for this 
Thickness (angstroms) 900 900 Coated Substrate 
Aver. Coef. of IR re?ection 0.33 0.70 ' 

Emissivity 0.67 0.30 
Transmission energy factor (%) 74.5 76.0 
Light transmission factor (%) 74.3 79.0 Before heat After heat 
Square resistance (ohms) 205 35 45 treatment treatment 

Thickness (angstroms) 3800 3800 
Aver. Coef. of IR re?ection 0.80 0.95 

Example V Emissivity 0.20 0.05 

This experiment Was performed under the same condi- Ea?IF1SS1°nFIFrg¥fictogoj?) 22-5 g; 2 
. - lg Ial'lSl'nlSSlOl'l 3C Or 0 - 

tions as Example IV, except that the thickness of the layer 50 Square resistance (Ohms) 2O 45 
deposited upon the substrate Was increased to 1900 ang 
stroms. The folloWing properties Were observed for this 
coated substrate: These comparative Examples conclusively illustrate that 

the selection of either heat treatment process leads to the 
55 formation of a coating upon the substrate With optimal 

Before heat After heat emissivity and resistivity properties. 
t t t t t t . 
Tea men Tea men Whichever method of heat treatment one selects for the 

Thickness (angstroms) 1900 1900 substrate, the heating step may either be performed imme 
Avef- F3965 OfIR re?ectlon O53 0-87 diately after the production and subsequent coating of the 
Emlsswfty. 0'47 0'13 60 glass, for example, on the same ?oat line, or it may be 
Transmission energy factor (%) 77 72 _ _ 
Light transmission factor (%) 813 83_@ performed later. This is normally the case When the glass 
Square resistance (ohms) 92 11 substrate must be tempered or laminated after the coating 

has been pyrolytically deposited. 
By utiliZing either of the tWo proposed heat treatments 

Example VI 65 With coatings comprising a mixture of indium formate and 
This experiment Was performed under the same condi 

tions as Examples IV and V, except that the thickness of the 
either dibutyltin oxide or dibutyltin ?uoride, a coating layer 
may be formed having an electrical resistivity on the order 
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of 2 to 3x10“4 ohm-cm. By modulating the intensity of the 
heat treatment, it is also possible to obtain layer perfor 
mances intermediate betWeen those of an untreated layer and 
those measured for a layer Which has undergone the most 
intense heat treatment. 

Alternatively, it is also possible to increase the emissivity 
and resistivity of the layer during the heating process. Thus 
the resistance of a coated substrate having a square resis 
tance of 15 ohms may be increased to 16 ohms, or 2,000 
ohms by passing the substrate 1 cm. beneath the burner at 10 
cm./second or 6 cm./second respectively. The gas ?oW rates 
utiliZed to provide these values Were 2.4 liters per minute per 
cm. of burner length for oxygen and 3.0 liters per minute per 
cm. of burner length for hydrogen. The same effect may be 
obtained by utiliZing the ?rst heating procedure described 
herein in an oxidiZing, rather than a reducing atmosphere. 

It is also possible With either proposed mode of heat 
treatment to create, on the same coating, Zones of different 
electrical conduction by the application of different heat 
treatments. This kind of differentiated heat treatment by 
Zones, on the same coating, is particularly easy When the 
second type of heat treatment is used. For this purpose, the 
conditions of exposure of the layer to the heating means are 
modi?ed locally. 

To create this effect, the speed With Which the coated 
substrate to be treated passes the burner is varied as a 
function of the desired result. With a burner placed cross 
Wise in relation to the direction of travel of the substrate, 
layers With crossWise strips having differentiated properties 
may be obtained by modulating the passing speed of the 
substrate. 

It is also possible to obtain lengthWise strips in the 
direction of movement of the substrate With different elec 
trical and optical characteristics by adding additional burn 
ers opposite these Zones or by performing the treatment over 
the entire Width of the substrate With a plurality of burners 
adjusted differently from one another. 

These heat treatments, and in particular those performed 
by the second method utiliZing the burners discussed above, 
are therefore particularly suited to the production of coatings 
With layers having Zones With differentiated electrical, ther 
mal and optical properties. Thus, for example, heated coat 
ings can be produced With thin layers having varying 
resistances, depending upon Which Zone of the coating one 
examines. 

Alternative methods may be utiliZed to carry out the 
heating process described above. For example, a microWave 
plasma torch fed by reducing or, on the contrary, oxidiZing 
gas, either to reduce the oxide and loWer the emissivity or 
resistivity of the layer, or, on the contrary, to oxidiZe the 
metal and increase the emissivity or resistivity of the layer, 
may also be utiliZed. 

The second method of heat treatment is therefore particu 
larly suited to the production of thin-layer coatings for motor 
vehicle glaZings With a high level of temper or laminated and 
enclosing a sheet of plastic, such as a P.V.B. interlayer. Even 
if coated and treated according to the invention, the glaZings 
can be suf?ciently tempered to meet the United Nations 
Regulation No. 43 for the approval of motor vehicle glaZ 
ings. In spite of the tempered treatment the emmissivity and 
the resistivity of these coatings have a good level. The 
emissivity of the coatings is less than 0.15 for a thickness of 
betWeen 1800—4500 Angstroms and preferably betWeen 
about 1800 to 1900 Angstroms, and the resistivity is less 
than or equal to 3x10‘4 ohm/cm. 

United Nations Regulations No. 43 contains the require 
ments for glaZings used in automobiles. Such automobile 
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10 
glaZings must be sufficiently tempered, and the required 
level of tempering is indicated on pages 71 and 72 for 
automobile Windshields. Pages 77 and 78 contain the 
requirements for the other tempered glass panes of an 
automobile. 
The requirements are almost identical for the tWo types of 

panes: 
(1) When fragmentation tests are performed, the number of 

fragments in any 5 cm><5 cm square of the tempered pane 
is not less than 40 nor more than 350. 

(2) hoWever in the case of panes other than Windshields and 
having a thickness not more than 3.5 mm the number of 
fragments can be higher, but must not exceed 400. 

This fragmentation shall not be checked in a strip 2 cm Wide 
around the edge of the sample, nor Within a radius of 7.5 cm 
from the point of impact. Moreover, fragments of an area 
exceeding 3 cm2 shall not be alloWed except in the periph 
eric Zone and around the point of impact as de?ned here 
above. AfeW fragments of elongated shape shall be alloWed, 
provided that they are not more than 7.5 cm long and that 
their ends are not knife-edged. 
The pyrolytically deposited coatings of the present inven 

tion have many other practical uses, as in, for example, 
loW-emissive glaZings, heated glaZings and, in general, 
glaZings making use of the variable optical and/or electrical 
properties of the coatings for the building trade; and, as 
noted earlier, for safety laminates in automotive glass or for 
auto glass Which makes use of the electrical conductivity of 
the coating to trigger a burglar alarm When a WindoW is 
broken, or Which constitutes a radio antenna. 

The coating of the invention may also be advantageously 
applied onto various substrates, in particular, for insulating 
glass articles such as bottles, vials, various types of 
glassWare, optical elements, ?berglass and articles com 
prised of silica, alumina or refractory materials. Standard 
poWder spray guns are used to spray the poWder or mixture 
of poWders onto the substrates described above, (not the 
noZZles described in French patent application nos. 2,542, 
636 and 2,542,637, discussed earlier). 
The indium formate based poWders of the invention need 

not necessarily be used in solid form. For example, the 
poWder can be solubiliZed, i.e. in methanol, and the solution 
may be sprayed directly onto a substrate Whereupon it is 
pyrolyZed and forms a metal oxide layer that can undergo a 
heat treatment by one of the methods described above in 
order to modify the characteristics of the layer. 
The heat treatments performed after the deposition of the 

layer have been described as being applied to a layer of 
indium oxide, Whether doped or not With tin, and obtained 
by the pyrolysis of a poWder With an indium formate base; 
but this treatment can also be successfully applied to any 
layer With an indium oxide base, Whether doped or not With 
tin or other material, obtained in another Way; for example, 
liquid pyrolysis, CVD (chemical vapor deposition), or a 
vacuum technique, Whether the initial compound is formate 
or not. 

These heat treatments can even be applied to any other 
comparatively loW melting metal layer Which, like the layer 
With an indium oxide base, is nonstoechiometric, thus 
including, for example, layers With a base of vanadium, Zinc, 
tin oxide, etc. These heat treatments can even make it 
possible to obtain metal layers from metal oxide layers as an 
end result. Moreover, the heat treatments may also be used 
to recrystalliZe a poorly crystalliZed or amorphous layer, in 
order to modify its electronic properties. 

While it is apparent that the invention herein disclosed is 
Well calculated to ful?ll the objectives above stated, it Will 
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be appreciated that numerous modi?cations and embodi 
ments may be devised by those skilled in the art, and it is 
intended that the appended claims cover all such modi?ca 
tions and embodiments as fall Within the true spirit and 
scope of the present invention. 
We claim: 
1. A plate of glass coated With a layer consisting essen 

tially of indium and tin oXides having Zones of a loW 
emissivity and resistivity of less than or equal to 0.15 and 
3x10“4 ohm-cm, respectively for a thickness of betWeen 
about 1800 and 4500 angstroms With at least one other Zone 
Wherein the emissivity and resistivity are higher than 0.15 
and 3x10“4 ohm-cm, respectively that is produced by: 

preparing a dry metal composition containing indium 
formate; 

miXing at least a poWdered or gaseous tin compound or a 
gaseous organotin compound With the indium formate 
in proportions ranging from one to thirty Weight per 
cent; 

depositing said composition onto a surface of a heated 
glass plate so as to pyrolyZe the composition; and 

heating the coated glass plate to enhance the properties of 
the layer. 

2. A plate of glass coated With a pyrolyZed metal oXide 
layer consisting essentially of indium oXide formed by 
depositing a predetermined amount of a dry, poWdered 
organic indium compound on the heated glass plate, thereby 
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pyrolyZing the indium compound; Wherein the layer com 
prises a ?rst Zone having an emissivity of less than or equal 
to 0.15 and a resistivity of less than or equal to 3x10“4 
ohm-cm, and a second Zone having a emissivity greater than 
0.15 and a resistivity greater than 3x10“4 ohm-cm. 

3. The glass plate of claim 2, Wherein the thickness of the 
layer is betWeen about 1800 to 4500 Angstroms. 

4. The glass plate of claim 2, Wherein the metal oXide 
layer further comprises oXides of an electrically conductive 
metal formed by combining at least one compound of the 
electrically conductive metal With the organic indium com 
pound and depositing the combined compounds on the 
substrate. 

5. The glass plate of claim 4, Wherein the at least one 
electrically conductive metal compound has a decomposi 
tion temperature on the same order as the indium compound. 

6. The glass plate of claim 5, Wherein the at least one 
electrically conductive metal compound is selected from the 
group consisting of poWdered or gaseous tin compounds and 
gaseous organotin compounds. 

7. The glass plate of claim 6, Wherein the indium com 
pound is dry and poWdered. 

8. The glass plate of claim 6, Wherein the poWdered tin 
compounds are added in proportions ranging from one to 
thirty Weight percent and are selected from the group 
consisting of dibutyltin oXide and dibutyltin ?uoride. 

* * * * * 


